Abstract: Anti-programmed death-1 (anti-PD-1) monoclonal antibodies, such as nivolumab, have been used for the treatment of various types of cancers, and excellent efficacy has been shown in some patients. The adverse effects of anti-PD-1 antibodies relating to autoimmunity are different from traditional chemotherapeutic drugs and may involve many organs including the endocrine system. We herein describe a case of adrenocorticotropic hormone deficiency during the treatment of advanced small-cell lung cancer, probably caused by nivolumab-induced hypophysitis. The case showed nonspecific, insidious, as well as potentially life-threatening characters of immune-related adverse effects. It is important for physicians to acknowledge clinical features of the rare side effect and take appropriate and prompt treatment.
Introduction
Traditional chemotherapeutic drugs have been dominant agents in cancer therapy for a long time. But chemotherapy resistance occurs inevitably in most advanced malignancies. Programmed death-1 (PD-1) and cytotoxic T-lymphocyte antigen-4 (CTLA-4) are inhibitory immune receptors that are expressed on the surface of cytotoxic T cells, interacting with their ligands: programmed death-ligand 1 and CD80/CD86, respectively. The binding of the ligand to the receptor inhibits immune response of T cells to cancer cells. Anti-PD-1 antibodies such as nivolumab and anti-CTLA-4 antibody such as ipilimumab are immune-activating agents named immune checkpoint inhibitors (ICPis), which antagonize the binding between the ligands and the receptors, resulting in T-cell reactivation and attack of cancer cells.
1 Anti-PD-1 antibodies have been used to treat various neoplasms in recent years, and the effects are excellent in some cases. 2 Although clinically effective, anti-PD-1 antibodies may cause organ-or tissuespecific immune reactions involving gastrointestinal tract, liver, lung, skin, endocrine system, etc. [3] [4] [5] As the adverse effects may be life-threatening, accurate diagnosis and appropriate treatment are very crucial. Adrenocortical insufficiency is one of the adverse effects involving the endocrine system. [3] [4] [5] The symptoms are nonspecific and insidious, and delaying diagnosis may lead to serious situations in patients.
Here, we describe a patient with advanced small-cell lung cancer (SCLC) who presented with symptoms similar to the general manifestations of malignancies during treatment with nivolumab. Laboratory tests indicated the diagnosis of adrenocorticotropic hormone (ACTH) deficiency, probably caused by nivolumab-induced submit your manuscript | www.dovepress.com
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Case report
A 61-year-old Chinese male was admitted to our hospital with complaints of hemoptysis and shortness of breath. Chest computed tomography (CT) showed a mass in the upper lobe of right lung. SCLC was diagnosed by bronchoscopic biopsy. In the first 9-month duration after diagnosis, he received multiple lines of chemotherapy sequentially including the combination of etoposide and cisplatin, paclitaxel and irinotecan treatment, as well as radiotherapy for the thoracic tumor. Then, he was followed up regularly. Three months after finishing the last round of chemotherapy, he felt short of breath again. Chest CT showed aggravated atelectasis. Physical examination and CT revealed an enlarged right supraclavicular lymph node. The patient then received treatment of nivolumab with 3 mg/kg every 2 weeks in 12 doses, for a total of 9 months. Two weeks after the start of nivolumab therapy, his shortness of breath was alleviated. Four weeks later, physical examination and CT showed that the enlarged lymph node shrank significantly (Figure 1) , and CT showed that the atelectasis of the right lung was stable.
However, the patient complained of anorexia, fatigue, and vomiting 13 weeks after the initial nivolumab therapy and was admitted to the emergency department. Physical examination showed his body temperature was 38°C and blood pressure was 91/61 mmHg. Electrocardiogram showed sinus tachycardia. Laboratory tests showed hyponatremia with serum sodium of 115 mmol/L, and blood glucose was normal. C-reactive protein (CRP) was 200 mg/L (normal range: 3 mg/L), and the ratio of eosinophils was 8.5% (1.6% before nivolumab treatment; normal range: 0.4%-8%), while leukocyte and neutrophil counts were normal. Serum triiodothyronine (T3) (normal range: 0.92-2.79 nmol/L) was elevated slightly at 2.94 nmol/L, tetraiodothyronine (T4), free triiodothyronine (FT3), free tetraiodothyronine (FT4), and thyroid-stimulating hormone (TSH) were within normal ranges. Brain MRI showed multiple cerebral microbleeds and lacunar cerebral infarctions, while the size and density of the pituitary gland were normal (Figure 2 ). He received antiemetic drug treatment as well as intravenous fluids and sodium replacement. His body temperature returned to normal spontaneously, and serum sodium returned to normal level while the symptoms were relieved gradually.
Seventeen days later, it was planned to administer nivolumab to the patient in our hospital. He felt fatigue and anorexia once again the day before and increasing shortness of breath after admission to hospital. Physical examination showed fever, tachycardia, and dry rales of the lungs bilaterally. His blood pressure dropped to 52/26 mmHg rapidly, arterial oxygen saturation (SaO 2 ) was 90%, and he became somnolent gradually. Laboratory tests showed serum sodium was 115 mmol/L; levels of plasma fibrinogen and D-dimer were elevated; CRP was 122.64 mg/L; procalcitonin (PCT) was 0.703 ng/mL (normal range: 0.5 ng/mL); blood glucose level, blood leukocyte, and neutrophil counts were within normal ranges; and the ratio of eosinophils was 5.6%. After oxygen inhalation and treatments of dopamine, antibiotic drug, low molecular weight heparin, sodium, and glucocorticoid, his symptoms of fever, dyspnea, and somnolence alleviated, with SaO 2 95%. Levels of serum PCT and CRP decreased to normal. Physical examination showed dry rales disappearing Figure 1 Computed tomography of the chest. Notes: an enlarged right supraclavicular lymph node was observed before nivolumab treatment (A). The enlarged lymph node shrank significantly after two doses of nivolumab treatment (B). The shrunken lymph node remained stable for 6 months after discontinuation of nivolumab treatment (C).
submit your manuscript | www.dovepress.com Dovepress gradually, but his blood pressure and serum sodium level remained low. No signs of pulmonary artery embolism were detected by computed tomographic pulmonary angiography, and the mass size and atelectasis of lung were similar as before, while pleural and pericardial effusions increased. Laboratory tests of hormones revealed the followings: plasma ACTH at 8 am (normal range: 7.2-63.3 pg/mL) was 2.43 pg/mL; serum cortisol at 8 am (normal range: 4.4-19.9 µg/dL) was 0.64 µg/dL. Serum T3 (normal range: 0.92-2.79 nmol/L) was 3.44 nmol/L. Serum T4, FT4, FT3, TSH, growth hormone (GH), and testosterone were within normal ranges. Luteinizing hormone (LH) (normal range: 1.24-8.62 mIU/mL) was 17.98 mIU/mL, follicle-stimulating hormone (FSH) (normal range: 1.27-19.26 mIU/mL) was 52.46 mIU/mL, and prolactin (normal range: 2.64-13.13 ng/mL) was 24.96 ng/mL. Hormone replacement with prednisone was given orally: 5 mg at 8 am and 2.5 mg at 4 pm. After the treatment, his blood pressure and serum sodium increased to normal levels.
Despite the persistent low levels of serum ACTH and cortisol, the patient continued nivolumab therapy with longer intervals and received hormone replacement treatment as well. His clinical manifestations including fatigue, anorexia, and shortness of breath were alleviated. His blood pressure and serum sodium also were kept persistently normal. Seven months after the start of nivolumab treatment, he was diagnosed with primary hypothyroidism by low serum-free FT4 and elevated serum TSH. After taking oral levothyroxine, FT4 and TSH returned to normal levels. Nine months after the beginning of nivolumab treatment, he felt short of breath again, and the arterial blood gas showed hypoxemia with SaO 2 89%. Immune-related pneumonitis was considered according to his medical history and the manifestation of chest CT. He was given intravenous methylprednisolone 1 mg/kg for 2 weeks. His dyspnea and hypoxemia were relieved afterward. Chest CT showed alleviated pneumonitis. Oral prednisone was then given and tapered gradually for the next 6-week period. Although nivolumab had not been used since the emergence of immune-related pneumonitis, his chest CT revealed that the tumor remained stable in the follow-up (Figure 1 ). Pituitary hormone levels were retested 10 months after the beginning of hormone replacement treatment and revealed as the following results: plasma ACTH and serum cortisol were below 1 pg/ mL and 0.91 µg/dL at 8 am, respectively. Serum T3, T4, FT3, FT4, TSH, testosterone, LH, FSH, GH, and prolactin were within normal ranges. The ratio of eosinophils was 2.8%, and levels of serum CRP and sodium were normal.
Discussion
SCLC is an aggressive malignancy with rapid progression and poor prognosis. The prognosis is even worse in cases resistant to initial chemotherapy, and the mean survival time was only 5.4 months as shown in a systematic analysis. 6 Recent clinical trials have shown that anti-PD-1 antibodies exhibited excellent efficacy in some resistant SCLC cases. 7, 8 Among 98 patients who received nivolumab treatment after progression upon standard chemotherapy, 10 had objective responses, another 22 patients got stable disease, and 6 patients had a duration of response longer than 6 months. 7 Depending on this result, NCCN Guidelines had listed nivolumab as subsequent treatment for relapsed SCLC. Anti-PD-1 antibodies also showed excellent effects on other malignancies including advanced non-small-cell lung cancer (NSCLC), melanoma, renal-cell carcinoma (RCC), bladder cancer, head and neck cancer, and hepatocellular carcinoma. 2 The disease of this patient progressed after receiving multiple chemotherapeutic agents and radiotherapy, which indicated poor response to ongoing subsequent chemotherapy and a dismal survival outlook. Up to now, the patient has been in a stable disease state for 15 months after nivolumab treatment and obtained survival benefit from the treatment.
Although exhibiting impressive efficacy, anti-PD-1 antibodies may manifest unique side effects related to autoimmune responses involving various organs including 
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Zhu et al endocrine system. Adverse effects of endocrine system can be presented as hypophysitis, primary adrenal cortical dysfunction, thyroiditis, or type I diabetes mellitus. 4, 5 Autoimmune hypophysitis (AH) is a rare, immunemediated inflammatory disease, which is characterized by lymphocytic infiltration of the pituitary gland, resulting in deficits of one or multiple anterior pituitary hormones, which include ACTH, TSH, gonadotropins, prolactin, and GH. 9, 10 Isolated ACTH deficiency (IAD) occurs when there is only a deficit in ACTH and is a potentially lethal condition with low cortisol production. 9, 11 Since ICPi (ipilimumab) was first used for melanoma treatment, this type of agent has become one of the causes of hypophysitis. The clinical characteristics of hypophysitis induced by anti-CTLA-4 antibodies are different from that induced by anti-PD-1 antibodies. Previous researches reported relatively high incidence (8%-15%) of ipilimumab-induced hypopituitarism, 12-14 while hypophysitis is rare among patients treated with nivolumab, with an incidence below 1%. 13, 14 A recent analysis of 6,472 patients with different types of cancers showed that the incidence rate of hypophysitis was 3.2% and 0.4% for anti-CTLA-4 and anti-PD-1 antibodies, respectively. 15 The clinical presentations of ipilimumab-induced pituitary hormone disorder are similar to that of lymphocytic AH, with diffuse enlargement and abnormal enhancement of the pituitary gland on MRI, 10, 12, 16, 17 multiple anterior pituitary hormone deficits, and headache as the typical symptom. 12, 13, 16, 17 In contrast, normal size of the pituitary gland was described in most reported cases of nivolumab-induced hypophysitis (Table 1) , [18] [19] [20] just as shown in this case. However, considering ICPi-induced pituitary enlargement can be mild and transient, careful comparison between the MRI before and during the onset of hypophysitis is important. 13, 21 One combining analysis showed pituitary enlargement was resolved in all 40 patients with ipilimumabinduced hypopituitarism. 13 Besides, MRI of the pituitary gland instead of the brain might be more precise in revealing mild change of the pituitary gland. Another characteristic of nivolumab-induced hypophysitis is that IAD is the most common manifestation of pituitary disorder, which is different from that of AH or ipilimumab-induced hypophysitis. In fact, IAD was demonstrated in most reported cases with nivolumab-induced hypophysitis (Table 1) , 10, [18] [19] [20] [21] [22] just as in our case. The secretion of ACTH is the most frequent and initially affected pituitary hormone, 9,10 which may explain the phenomenon of IAD. All the characteristics of nivolumabinduced hypophysitis, including IAD, normal pituitary size on MRI, and absence of headache, suggest that the inflammation of the pituitary gland may be milder in nivolumab-induced hypophysitis than that in ipilimumab-induced ones.
The pathological differences between hypophysitis induced by anti-CTLA-4 antibodies and anti-PD-1 antibodies are unclear. CTLA-4 antigen is found expressed on pituitary 
Abbreviations: aCTH, adrenocorticotropic hormone; F, female; FsH, follicle-stimulating hormone; GH, growth hormone; LH, luteinizing hormone; M, male; NsCLC, nonsmall-cell lung cancer; PrL, prolactin; rCC, renal-cell carcinoma; sCLC, small-cell lung cancer; TsH, thyroid-stimulating hormone.
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Zhu et al endocrine cells, and high expression of CTLA-4 is associated with severe hypophysitis through type II and type IV hypersensitivities in cancer patients treated with anti-CTLA-4 antibodies. 14, 23 On the contrary, the mechanism of nivolumab-induced hypophysitis remains unclear, and the expressions of PD-1 or its ligands on the pituitary gland are not evident.
14 Recently, Fujimura et al described that serum levels of soluble CD163 (sCD163) and CXCL5 were strikingly upregulated in a case of melanoma with hypopituitarism induced by nivolumab. 24 Expression of CD163 is restricted to monocyte/macrophage lineage, and levels of serum sCD163 increased in autoimmune diseases. CXCL5 is a biomarker of T-helper 17-mediated autoimmune diseases. 24 These phenomena suggested the existence of autoimmune-like reactions in patients with hypophysitis induced by nivolumab.
Although definite diagnosis of hypophysitis is made by pathology through pituitary biopsy, clinical diagnosis can be made by comprehending the clinical manifestations and the pattern of pituitary hormone deficits. The present case manifested with anorexia, vomiting, fatigue, hypotension, hyponatremia, and low levels of cortisol, which are consistent with the manifestations of adrenal cortisol dysfunction. Somnolence and hypotension indicated the diagnosis of adrenocortical crisis, and the preexisting infection may be the potential trigger. Sustained low levels of plasma ACTH indicated secondary adrenocortical deficiency, probably due to nivolumab-induced hypophysitis. Another possible etiology is autoimmune disease. As the patient had no history of autoimmune disease and did not present with any related symptoms, autoimmune disease-related depression of the adrenocortical system was not likely, although relevant tests should be considered for better differential diagnosis in the future.
Another abnormality of our case was eosinophilia, which emerged 2 months before the onset of adrenocortical crisis and resolved 1.5 months after the hormone replacement. This phenomenon has been described in other reports, and some physicians suggest that eosinophilia may be an early predictor of adrenocortical insufficiency. 25 An important issue is whether high-dose glucocorticoids should be given for the treatment of nivolumab-induced hypophysitis. Albarel et al observed that patients with ACTH deficiency induced by ipilimumab still had the deficiency in the end, irrespective of whether high dose or physiological replacement dose was given. 17 Considering the potential adverse effects of high-dose hormones, we gave our patient a physiological replacement dose of prednisone, and his clinical disorders disappeared soon after prednisone administration. In fact, we noticed that most reported cases of nivolumab-induced hypophysitis were given replacement treatment. 18, 19, 21, 22, 25 Another critical issue is whether nivolumab can continue to be used in patients experiencing serious hypophysitis. As adrenocorticotropic hormone deficiency induced by ICPi is usually permanent, 17, 26 nivolumab can be continued together with hormone replacement treatment. 17, 26 The patient in our report continued taking nivolumab treatment with longer intervals, and he did not feel uncomfortable, although his low ACTH and cortisol persisted. The European Society for Medical Oncology (ESMO) and American Society of Clinical Oncology (ASCO) have published clinical practice guidelines for the management of toxicities of immunotherapy in 2017 and 2018, respectively, 4,5 and both suggest that serious toxicities warrant permanent discontinuation of the ICPi, with the exception of endocrinopathies that have been controlled by hormone replacement. The guideline also states that long-term hormone replacement therapy is required for most patients. 4 As ICPis, including nivolumab, will be more and more widely used for the treatment of neoplasms, physicians should be familiar with the clinical presentation of hypophysitis induced by the agents and should consider the possibility of immune-related adverse events, such as hypophysitis, on the endocrine systems when patients feel uncomfortable or present with hyponatremia or hypotension. Appropriate and prompt treatment should be taken to prevent life-threatening adrenocortical crisis.
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
